Introduction
============

The 6-minute walk test (6MWT) is now the most commonly used timed walk test.[@b1-copd-10-153],[@b2-copd-10-153] It is simple and does not require sophisticated equipment or advanced technical training. In addition, walking is a familiar activity typically performed by even the most severely debilitated patients.[@b2-copd-10-153] The assessment of disability in patients with chronic obstructive pulmonary disease (COPD) usually requires the practitioner to estimate the patient's capacity for exercise. The 6MWT is an examination required to evaluate patients with COPD.[@b3-copd-10-153] In the 6MWT, not only the 6 minute walk distance but dyspnea and percutaneous oxygen saturation are generally measured.[@b3-copd-10-153],[@b4-copd-10-153]

We have carried out respiratory gas analysis during the 6MWT before.[@b5-copd-10-153] We found that there was no difference in the peak oxygen uptake (V'O~2~) compared with the incremental cycle ergometer test or the incremental shuttle walking test.[@b5-copd-10-153]--[@b8-copd-10-153] During the 6MWT, V'O~2~ increased sharply during the first 2 minutes, then showed a steady-state profile from minute 3 to minute 6 of the 6MWT. For the change in V'O~2~, Troosters et al showed the same results.[@b7-copd-10-153] We also measured dyspnea during the 6MWT in a research setting and found that dyspnea increased linearly until the end of the test, unlike the V'O~2~.

Dynamic hyperinflation (DH) develops in patients with COPD during the 6MWT. DH is one of the causes of dyspnea. We measured the ventilatory volume during the 6MWT and considered the relationship between DH and dyspnea in this study. Although O'Donnell et al considered the relationship between ventilatory volume and dyspnea, they used the bicycle ergometer, [@b9-copd-10-153] while we used the 6MWT.

We have so far reported the change of the respiratory gas and the ventilatory volume during the 6MWT in COPD patients. In this paper, we reported that the ventilatory volume increased sharply during the first 2 minutes, then showed a steady-state profile. On the other hand, dyspnea increased linearly to the end of the 6MWT. From this, we measured inspiratory capacity (IC) and decided to examine how dyspnea is related to dynamic pulmonary hyperinflation.

There are some studies that measured and considered DH related to dyspnea before and after the 6MWT, but we cannot find any studies that considered the relationship between DH and dyspnea during the 6MWT. The purpose of this study was to measure respiratory gases during the 6MWT and investigate the relationship between the characteristics of dyspnea in the 6MWT and ventilatory volumes.

Methods
=======

Subjects
--------

The subjects were recruited from among the participants in the pulmonary rehabilitation program at Akita City Hospital. They came to the hospital every 2 weeks and underwent a course of pulmonary rehabilitation. The COPD patients were diagnosed from pulmonary function tests, X-ray film examination, and dyspnea according to Global initiative for chronic Obstructive Lung Disease (GOLD) criteria.[@b10-copd-10-153] Exclusion criteria included unstable pulmonary status, orthopedic or cardiovascular complications affecting exercise performance, difficulty in understanding the required tasks, and the necessity for supplemental oxygen during walking. Patients who could not walk without a walking aid and could not visit our hospital every 2 weeks were also excluded. At the time of the study, all patients were clinically stable. The demographic and pulmonary function data are summarized in [Table 1](#t1-copd-10-153){ref-type="table"}. This study was approved by the medical ethics committee of our hospital. All procedures were performed according to the research ethics guidelines of the Declaration of Helsinki.[@b11-copd-10-153] The subjects were fully informed of any risks involved in participating in the research program, and their written, informed consent was obtained.

Material and methods
--------------------

Prior to and throughout the 6MWT, ventilatory and gas exchange parameters were measured using a breath-by-breath system. Subjects were instructed to refrain from eating or drinking any caffeinated products for 2 hours prior to testing.

The 6MWT was carried out in a hospital corridor. The subjects walked along a rectangular track of 88 meters in length (34×10 m). Subjects were instructed to walk as fast as possible for 6 minutes and to cover as much ground as possible in that time. The subjects were given feedback on the elapsed time every minute and encouraged to continue walking.

During the 6MWT, the ventilatory and gas exchange parameters and the heart rate (HR) were measured using a portable metabolic test system (MetaMax 3B, Cortex, Leipzig, Germany). The MetaMax 3B system consisted of a face mask (attached to a volume transducer), a Polar HR chest strap, a transmitter (with expiratory gas analyzing system), and a receiving unit. The transmitter was placed around the subject's neck, with the two main parts resting on the chest. The equipment, which was carried by the subject, weighed 0.7 kg. The receiver was linked to a personal computer, and MetaSoft (Cortex) was used for data analysis. This apparatus has been previously validated against a conventional stationary instrument.[@b12-copd-10-153],[@b13-copd-10-153]

The ventilatory and gas exchange parameters were measured in the breath-by-breath mode. Using this system, IC was measured every 2 minutes in the standing position during the 6MWT.

Percutaneous oxygen saturation was measured using a pulse oximeter and finger sensor (Pulsox-M24, Teijin, Tokyo, Japan) every minute. This device, designed for ambulatory use and weighing 45 g, was attached to the subject's wrist. Breathlessness was measured using the Borg category-ratio (CR)-10 scale.[@b14-copd-10-153] During the test, subjects described the intensity of breathlessness by pointing to a descriptor on the scale every 2 minutes.

The data were analyzed by one-way repeated measures analysis of variance (ANOVA) and the Bonferroni post hoc test. Relationships between the Borg CR-10 scale and the IC were assessed using Spearman's rank order correlation and linear regression analysis. Statistical analysis was performed using IBM SPSS Statistics version 19 (IBM Corporation, Armonk, NY, USA). A *P*-value of \<0.05 was considered significant.

Results
=======

The functional characteristics of the 23 patients with COPD are shown in [Table 1](#t1-copd-10-153){ref-type="table"}. The subjects were all male, their mean age was 75.5 years, and their mean body mass index was 22.0±3.8 kg/m^2^. The mean forced expiratory volume in 1 second/forced vital capacity ratio was 48.9%±12.9%, and the mean forced expiratory volume in 1 second was 68.0%±24.9% predicted.

All patients completed this study. No subjects rested during the 6MWT. Results are expressed as means ± standard deviation ([Tables 2](#t2-copd-10-153){ref-type="table"} and [3](#t3-copd-10-153){ref-type="table"}). The mean 6 minute walk distance was 505.7±100.4 m. The peak V'O~2~ was 12.9±2.5 mL/min/kg, and carbon dioxide production was 12.5±3.2 mL/min/kg. The changes during the 6MWT in IC, tidal volume (VT), and the Borg CR-10 scale are shown in [Table 3](#t3-copd-10-153){ref-type="table"}. These values were measured in the standing position. IC decreased significantly, and the VT increased significantly during the 6MWT (*P*\<0.01). The Borg CR-10 scale increased significantly in a linear fashion during the 6MWT (*P*\<0.01).

There was a significant, moderate negative correlation between the Borg CR-10 scale and IC (*r*=0.460, *P*\<0.01) ([Figure 1](#f1-copd-10-153){ref-type="fig"}).

There was no significant correlation between the changes in the Borg CR-10 scale and the changes in IC (*r*=0.117) ([Figure 2](#f2-copd-10-153){ref-type="fig"}).

[Figure 3](#f3-copd-10-153){ref-type="fig"} summarizes the VT, inspiratory reserve volume (IRV), and Borg CR-10 scale responses during the 6MWT. The sum of VT and IRV shows IC. IC and the IRV decreased significantly during the 6MWT (*P*\<0.01).

The relationship between the Borg CR-10 scale and IRV during the 6MWT is shown in [Figure 4](#f4-copd-10-153){ref-type="fig"}. Although the Borg CR-10 scale increased linearly with exercise time, there was a clear inflection point noted in the Borg CR-10 scale and IRV relationship during the 6MWT. This inflection point occurred at 2 minutes of exercise, and the IRV at this point was 0.20±0.19 L.

Discussion
==========

Factors such as airflow limitation and DH have been given as causes of the dyspnea that occurs in COPD patients.[@b3-copd-10-153] In DH, the residual volume accumulates because of airflow limitation in COPD due to exercise, and it is expressed as a decrease in IC from a continuous increase in end expiratory lung volume.[@b3-copd-10-153],[@b15-copd-10-153]--[@b20-copd-10-153] In this study, stable COPD patients performed the 6MWT, and a significant decrease was seen in IC measured every 2 minutes. This was suggested to be the cause of DH. Dyspnea measured simultaneously using the Borg CR-10 scale showed a significant increase. Since a significant, moderate negative correlation was also seen between IC and the Borg CR-10 scale, DH was suggested to be one cause of the increase in dyspnea in the 6MWT in the present study as well.

Reported measurements of IC in the 6MWT are occasionally seen,[@b21-copd-10-153]--[@b23-copd-10-153] but all show that IC decreases before and immediately after the 6MWT and causes DH. These reports agree with the results of the present study. However, the change in IC during the 6MWT was not measured in any of these reports. Hence, the present study result showing a relationship between the decrease in IC and dyspnea during the 6MWT is an original finding, and it confirms that IC gradually decreases even during the 6MWT.[@b24-copd-10-153]

DH occurs when respiration is accelerated by exercise or exertion in COPD, decreasing IC.[@b3-copd-10-153] Normally, VT is increased during exercise, increasing the necessary V'O~2~, but in COPD, VT can no longer be increased with decreasing IC, and the respiratory pattern becomes shallow and rapid. O'Donnell et al conducted a constant load test using a cycle ergometer in COPD patients and detected the point at which VT is no longer increased.[@b9-copd-10-153] They called the IRV at that point the minimal IRV. They reported that this minimal IRV was seen in the third minute after the start of the test, and that it was 0.5 L. In the present 6MWT with COPD patients, VT showed a rapid increase until 2 minutes after the start of the test, but almost no increase was seen after 2 minutes. The value of IRV, obtained by subtracting VT from IC, also decreased after 2 minutes. The fact that IRV shows a limited volume of maximal inspiration suggests that the amount of air that can be inspired after 2 minutes decreases.[@b25-copd-10-153] Minimal IRV was also confirmed in the present study, occurring in the second minute after the start of the test with a value of about 0.2 L.

Dyspnea in the 6MWT increased linearly and significantly in the present study. VT increased significantly. However, the amount of increase after 2 minutes was small. IRV decreased significantly, but the amount of decrease became smaller after 2 minutes.

It is said that there are three mechanisms of dyspnea: the sense of respiratory effort (motor command theory), the afferent information from sensory receptors, and a mismatch between central drive (central motor command output) and mechanical response (sensory feedback from a multitude of mechanoreceptors throughout the respiratory system) (neuromechanical dissociation).[@b9-copd-10-153],[@b26-copd-10-153] In the relationship between dyspnea and IRV, O'Donnell et al described that the mechanism of dyspnea changed at the minimal IRV.[@b9-copd-10-153] They took dyspnea in the early stage of exercise to be correlated with the level of respiratory effort, and dyspnea during this period to be produced from a sense of respiratory effort. In addition, VT did not increase when the minimal IRV was passed after exercise for 3 minutes, and they thought that dyspnea was produced by a mismatch between central drive, in which ventilatory volume does not increase even with effort of breathing, and respiratory system movement.

In the present study with the 6MWT, VT showed a rapid increase until 2 minutes; after 2 minutes, the amount of increase lessened. Thus, it is thought that IRV became smaller, and inspiratory volume approached its limit. In contrast, dyspnea continued to increase linearly until the end of the test. Therefore, in this study the mechanism of dyspnea was also thought to change at around 2 minutes with the 6MWT. The sense of respiratory effort until 2 minutes and dyspnea after 2 minutes are thought to be due to a mismatch between central drive and movement of the respiratory system.

There are several limitations to this study that must be addressed. The number of patients recruited was small, and subjects of this study were all male. As such, additional research with a larger number of patients is required to clarify the significance of changes in patients with COPD. Furthermore, the relationship between DH and dyspnea during the 6MWT was not examined in a normal control group in this study.

Conclusion
==========

In the present study, respiratory gas response during the 6MWT was measured, and the relationship between ventilatory volumes and dyspnea was considered. The results suggested that DH occurred with a significant decrease in IC in the 6MWT. The significant negative correlation between the decrease in IC and the increase in dyspnea was also thought to be a cause of DH with the increase in dyspnea during the 6MWT. The dyspnea increased linearly until the end of the test even though there was almost no increase in VT after 2 minutes, suggesting the mechanism of dyspnea changed from the sense of respiratory effort until 2 minutes to mismatch between central motor command output and movement of the respiratory system after 2 minutes during the 6MWT.
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![Relationship between the Borg CR-10 scale and IC in the 6-minute walk test.\
**Abbreviations:** CR, category-ratio; IC, inspiratory capacity.](copd-10-153Fig1){#f1-copd-10-153}

![Relationship between the changes in the Borg CR-10 scale and IC in the 6-minute walk test.\
**Abbreviations:** CR, category-ratio; IC, inspiratory capacity.](copd-10-153Fig2){#f2-copd-10-153}

![Changes over time of the VT, IRV, and Borg CR-10 scale in the 6-minute walk test.\
**Notes:** The sum of VT and IRV shows IC. IC and IRV decrease significantly over time (*P*\<0.01).\
**Abbreviations:** VT, tidal volume; IRV, inspiratory reserve volume; CR, category-ratio; IC, inspiratory capacity; min, minutes.](copd-10-153Fig3){#f3-copd-10-153}

![Relationship between the Borg CR-10 scale and the IRV in 6-minute walk test.\
**Abbreviations:** CR, category-ratio; IRV, inspiratory reserve volume.](copd-10-153Fig4){#f4-copd-10-153}

###### 

Demographic and pulmonary function data of the subjects with COPD

                              Mean ± SD
  --------------------------- ------------
  Age (y)                     75.5±6.4
  Height (cm)                 160.8±4.1
  Weight (kg)                 57.0±10.2
  BMI (kg/m^2^)               22.0±3.8
  Brinkman index              1,398±484
  GOLD (I/II/III/IV)          (7/11/5/0)
  MMRC dyspnea score (0--4)   1.9±0.5
  FVC (L)                     3.38±0.67
  FEV~1~ (L)                  1.67±0.56
  FEV~1~/FVC (%)              48.9±12.9
  FEV~1~ % predicted (%)      68.0±24.9
  TLC (L)                     6.25±1.06
  TLC % predicted (%)         122.8±21.8
  FRC (L)                     3.95±0.87
  FRC % predicted (%)         113.8±29.8
  RV (L)                      2.58±0.83
  RV % predicted (%)          157.5±50.7

**Note:** n=23, all male.

**Abbreviations:** COPD, chronic obstructive pulmonary disease; SD, standard deviation; BMI, body mass index; MMRC, modified Medical Research Council dyspnea scale (0--4); FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; TLC, total lung capacity; FRC, functional residual capacity; RV, residual volume; GOLD, Global initiative for chronic Obstructive Lung Disease.

###### 

Results of the 6-minute walk test

                                          Resting     Peak value
  --------------------------------------- ----------- -------------
  6-minute walk distance (m)              --          505.7±100.4
  Oxygen uptake (mL/min/kg)               3.04±0.55   12.92±2.47
  Carbon dioxide production (mL/min/kg)   2.83±0.56   12.53±3.24
  Minute ventilation (L/min)              8.74±2.35   28.24±9.21
  Respiratory rate (breaths/min)          18.5±4.4    26.7±5.1
  Heart rate (bpm)                        83.6±12.8   113.8±18.3
  Percutaneous oxygen saturation (%)      96.4±0.8    89.3±2.9

**Notes:** n=23, mean ± SD.

**Abbreviations:** bpm, beats per minute; SD, standard deviation; min, minutes.

###### 

Change over time in the 6-minute walk test

                                                                         0 min       2 min       4 min       6 min
  ---------------------------------------------------------------------- ----------- ----------- ----------- -----------
  Inspiratory capacity[\*](#tfn6-copd-10-153){ref-type="table-fn"} (L)   1.34±0.41   1.17±0.35   1.13±0.32   1.08±0.29
  Tidal volume[\*](#tfn6-copd-10-153){ref-type="table-fn"} (L)           0.43±0.10   0.96±0.28   1.00±0.30   1.04±0.28
  Borg CR-10 scale[\*](#tfn6-copd-10-153){ref-type="table-fn"}           0.0±0.0     1.7±1.4     3.0±1.5     4.6±2.2

**Notes:** n=23, mean ± SD,

*P*\<0.01 (analysis of variance).

**Abbreviations:** SD, standard deviation; CR, category-ratio; min, minutes.
